The naming of a word (e.g., CAVE) is delayed if participants first name a formally similar, but nonrhyming, prime (e.g., HAVE). Taraban and McClelland (1987) interpreted this effect in terms of competition between activated phonological codes, while Bradshaw and Nettleton (1974) argued that these interference effects are due to conflicting output codes and only arise when primes are named. Experiment 1 shows interference effects for nonrhyming primes read silently (e.g., HAVE-CAVE), contrary to Bradshaw and Nettleton's claim, but rhyming primes (e.g., NEED-WEED) produced no facilitation, contrary to predictions from Taraban and McClelland's model. In Experiment 2 participants named both prime and target, and both interference and facilitation were observed. In Experiment 3 formally dissimilar rhyming prime-target pairs (e.g., EIGHT-HATE) produced no facilitation even when primes were named. Both interference and facilitation effects seem to result from a complicated interaction of orthographic, phonological, and output codes.
Skilled readers have little difficulty generating the phonological and semantic codes necessary to understand text. Despite appearances, however, generating a phonological code from a visual input is actually a rather complicated process. As such, there are now a number of models of the processes involved, each with a slightly different conceptualization of how phonology is derived. Dual-route models, for example, propose two possible ways to formulate a word's name from orthographic information (Coltheart, 1978; Coltheart, Curtis, Atkins, & Haller, 1993; Coltheart & Rastle, 1994; Patterson & Morton, 1985) . Many other theories, however, posit that for most words a single route is all that is necessary to successfully convert orthography to phonology (Plaut, McClelland, Seidenberg, & Patterson, 1996; Seidenberg & McClelland, 1989; Van Orden, Pennington, & Stone, 1990) .
One finding that any theory of naming must explain is the regularity effect, that is, the finding that words with regular pronunciations (e.g.,MINT) are usually named more quickly than words with irregular pronunciations (e.g., PINT) (e.g., Baron & Strawson, 1976) . What they must also explain, of course, is why the regularity effect is strongest for words that are low frequency, that is, why there tends to be an interaction of frequency and regularity in naming latencies (Brown, Lupker, & Colombo, 1994; Seidenberg, Waters, Barnes, & Tanenhaus, 1984 , but see Jared, 1997 , for evidence of regularity effects for high frequency words also).
Proponents of the dual-route model of naming have interpreted the regularity effect and its interaction with frequency as evidence that there are two separate routes involved in naming. According to the dual-route model, one way for a reader to generate a phonological code is to use grapheme-to-phoneme conversion (GPC) rules to generate a set of phonemes and then to assemble those phonemes into a complete code (the "assembly route"). This route must be used when naming unfamiliar letter strings. The other route is the "lexical route" in which a word's phonological code is essentially looked up after the word's orthographic code has allowed the word's lexical entry to be selected.
According to the dual-route model, irregular words are named more slowly than regular words because, for irregular words, the assembly route produces an incorrect regularized phonological code which differs from the correct phonological code produced by the lexical route. Since it takes time to resolve the difference between the outputs from the two routes, irregular words take longer to pronounce than regular words. Further, since the amount of time it takes the lexical route to produce a code is an inverse function of frequency, the competition process and, by implication, the regularity effect, should be more noticeable for low frequency words, as is typically observed.
Single-route proponents, however, have suggested that the regularity effect (and hence the regularity by frequency interaction) is actually the result of the lack of consistency among the phonological codes activated by the orthography of an irregular word (e.g., Glushko, 1979; Jared, McRae, & Seidenberg, 1990) . Consistency describes the extent to which words that share elements of their orthography (typically, their "body") also share phonology. For instance, while GAVE and HAVE are orthographically similar, they are phonologically dissimilar. Thus, although GAVE is regular and HAVE is irregular, both are inconsistent. On the other hand, GATE is regular and consistent because all words ending in -ATE are pronounced similarly.
Proponents of the single-route position have provided a number of demonstrations that consistency is empirically important by showing that it takes longer to name inconsistent words than consistent words even when those words are all regular (e.g., Jared et al., 1990) . Although these findings are somewhat controversial, they are easily explained by single-route theories such as the PDP models of Plaut et al. (1996) , Seidenberg and McClelland (1989) and Van Orden et al. (1990) . Recent versions of the dual-route model (e.g., Coltheart et al., 1993; Coltheart & Rastle, 1994; Patterson & Morton, 1985) have mechanisms that, at least in theory, also allow these models to account for consistency effects. These mechanisms involve processing structures contained within the lexical route.
The prominent models of word naming, therefore, can all explain the effects of regularity, consistency, and frequency, making it somewhat difficult to discriminate among them on the basis of these effects. In the present research, we examined the viability of the models from a different perspective, by investigating the effects of priming by formally similar words in the naming task. This investigation extends the experiments conducted by Burt and Humphreys (1993) . As Burt and Humphreys suggested, the effects that they observed appeared to pose a serious challenge for all of the prominent models.
EFFECTS OF PRIMING BY FORMALLY SIMILAR WORDS
The type of formal similarity we investigated involved only the sharing of a word body. A set of words that shares a word body will be said to constitute a body neighborhood. Thus, all words ending in -AVE (e.g., CAVE, WAVE, HAVE, etc.) make up such a neighborhood.
1 Within a neighborhood, it is possible for there to be both friends and enemies. Friends are words that have similar phonologies; that is, they rhyme (e.g., CAVE and WAVE). Enemies have different phonologies (e.g., WAVE and HAVE). Our examination centered on the effects on word naming of presenting either a friend or an enemy of a target word as a prime. Several previous studies have examined these issues using lexical decision tasks (e.g., Hanson & Fowler, 1987; Meyer, Schvaneveldt, & Ruddy, 1974; Pugh, Rexer, & Katz, 1994; Shulman, Hornak, & Sanders, 1978) . However, we will restrict our attention to those studies that have used the naming task since the models under investigation are all models of the naming process.
The effects of priming target words with their enemies were first examined by Bradshaw and Nettleton (1974) . In their Experiment 1, participants were required to rapidly name a sequence of visually presented word pairs that were body enemies (e.g., MOWN-DOWN, WART-MART, etc.) . Participants took longer to name a sequence of words when enemies were adjacent to each other than when they were separated by neutral words. In subsequent experiments, Bradshaw and Nettleton found that when the first member of each pair was covertly identified but not articulated (Experiment 3), there was no effect on the pronunciation time for the second member of the pair. The authors took these findings to mean that it was necessary to name the prime aloud in order to observe interference from enemies in the body neighborhood. Taraban and McClelland (1987) provided a more controlled examination of the effect of priming by enemies on the naming process. In their Experiment 2 the targets were regular words, and the primes were either enemies (e.g., PINT-TINT) or regular control words (e.g., TAPS-TINT). They found a small but significant (15 msec) interference effect for target naming latencies when participants named primes that were enemies of the targets. Taraban and McClelland (1987) interpreted their results in terms of a conspiracy model. They based this model on the principles of interactive activation (see McClelland & Rumelhart, 1981; Rumelhart & McClelland, 1982) and thus proposed that the model include a hierarchical arrangement of three levels: a letter level, a word level, and a phonological level. Activation feeds forward from one level to the next. To the extent that phonological features are shared among the activated words, a pronunciation will be synthesized easily. Enemies in the neighborhood, however, can slow naming latency because those words' phonological features are incompatible with the phonological features of the target.
Using this model, Taraban and McClelland (1987) offered the following account of the interference produced by enemy primes. When a reader processes an irregular word like PINT as a prime, the representational structures for PINT become activated. When a regular neighbor target (e.g., MINT) is presented, the representational structures for PINT are further activated. Thus, the phonological features for PINT play a major (and interfering) role in the synthesis of the pronunciation for MINT. The result is a delay in the naming of MINT in comparison to when the prime is not a body neighbor of MINT.
On the other hand, when a friend, such as TINT, is presented as a prime, the appropriate phonology for the target should be preactivated and therefore pronunciation of the target should be facilitated. Thus, Taraban and McClelland's account of phonological interference also leads to the prediction of phonological facilitation from friend primes. In fact, Taraban and McClelland did report facilitation from friend primes, however, they only investigated this effect for nonword targets. In contrast, Lupker and Colombo (1994) found virtually no evidence that word naming was facilitated by friend primes except when the target was a low frequency irregular word (e.g., WASH-SQUASH).
More recently, Burt and Humphreys (1993) also investigated interference effects from enemy primes in a naming task. In their studies, participants were required to name an irregular prime (e.g., BUSH) and subsequently to name a regular target (e.g., MUSH). As in previous studies, they reported interference when the prime immediately preceded the target. This effect, however, was also found when the prime was presented ten trials earlier. Burt and Humphreys concluded that their delayed phonological interference was inconsistent with Taraban and McClelland's (1987) conspiracy model. The conspiracy model's explanation is based on the prime's activation and thus one would predict that interference would be relatively shortlived. Certainly, phonological interference should not survive the presentation of a number of intervening stimuli that are also named. Since Burt and Humphreys found that interference effects survived a prime-target delay of 10 trials they suggested their results were more compatible with Seidenberg and McClelland's (1989) PDP model (although, as will be discussed, even this model requires new assumptions to account for the delayed interference effect).
According to PDP-type models (e.g., Plaut et al., 1996; Seidenberg & McClelland, 1989) , naming words involves the computation of phonological codes that are characterized as patterns of activation distributed over representational units. A single process can compute a phonological code from an orthographic input for all words and nonwords. The model itself consists of a network of interconnected orthographic and phonological units and a mediating level of hidden units. Connections between orthographic and phonological units are weighted. These weights change as a consequence of experience with words and their pronunciations. With repeated exposure to a word, the connection weights between the word's orthographic and phonological units (and mediating hidden units) are adjusted in the correct direction. Thus, with increased experience, the pattern of phonological activation more closely approximates the correct pattern of activation. This learning model differs from an activation model like Taraban and McClelland's (1987) in that, unlike activation that presumably dissipates rapidly unless consciously maintained, connection strengths are not altered until another stimulus that recruits the relevant units is processed.
Although the assumptions of the PDP-type models are consistent with delayed phonological interference effects, Burt and Humphreys (1993) argued that Seidenberg and McClelland's (1989) model, as implemented, could not actually account for Burt and Humphreys' effects. Learning rules in the model do not allow a single exposure of a prime to produce weight changes substantial enough to affect pronunciation of a target. That is, simulations with the model revealed that the single presentation of the irregular word PINT produced negligible changes in weights and thus should have little effect on the pronunciation latency for MINT. An interference effect would only be expected after repeated presentations (Seidenberg & McClelland, 1989, pp. 540 -541) . Similarly, it would only be after repeated exposures that the regular prime TINT would facilitate naming of the target MINT.
As noted, the main alternative to single-route models like Seidenberg and McClelland's (1989) model is the dual-route model. The most recent version of the dual-route model-the Dual-Route Cascaded (DRC) model (Coltheart et al., 1993; Coltheart & Rastle, 1994) -accounts for consistency effects in terms of the lexical route. The idea is that a word will activate not only its own word detector but also word detectors for neighbors. These detectors in turn feed activation forward to the phonological output lexicon and the phoneme system. If the phonology for these neighbors is inconsistent (i.e., if there are enemies in the neighborhood), the information produced by the lexical route will be less helpful in deriving the ultimate pronunciation. Thus, regular-inconsistent words may be named more slowly than regular-consistent words depending on factors such as how inconsistent the neighborhood is and how much the lexical route actually contributes to the naming of regular-consistent words.
This DRC account is actually quite similar to the account provided by the conspiracy model of Taraban and McClelland (1987) . As such, the DRC model would appear to make the same predictions. That is, the DRC model, construed this way, would predict the interference observed when a target like MINT is preceded by an enemy prime like PINT. However, it would also predict that this effect should not be particularly long-lasting, since it is based on activation of representational structures, and that the naming of a target like MINT would be facilitated when preceded by a prime like TINT.
THE PRESENT PARADIGM
In the present research we attempted to address two issues. First, we wished to take a closer look at the time course of the interference effects from priming by enemies and the (potential) facilitative effects from priming by friends in the naming task. Previously, investigators have examined the interference effects only for targets presented at least 1 s, and sometimes more than 3 s, after the prime (e.g., Burt & Humphreys, 1993; Kay & Marcel, 1981; Taraban & McClelland, 1987) . However, the models under investigation all suggest that the priming processes are automatic in nature and, therefore, should be active at much shorter stimulus onset asynchronies (SOAs). To our knowledge, this issue has never been examined.
Second, to what extent are the interference effects dependent on naming the prime (as well as the target)? Bradshaw and Nettleton (1974) suggested that interference from enemy primes only occurs if the prime is named aloud. With the exception of some of Bradshaw and Nettleton's experiments, in studies investigating phonological interference in naming, participants have always been required to name the prime aloud (e.g., Burt & Humphreys, 1993; Seidenberg et al., 1984; Taraban & McClelland, 1987) . If Bradshaw and Nettleton are correct and priming only occurs when primes are named aloud, then these priming effects may actually be due to overlapping output or articulatory processes and not to the phonological code generation process. On the other hand, if interference can be obtained when primes are read silently, then it would seem more likely that this effect is at least partly due to the phonological code generation processes. To resolve this issue, in the present experiments we first investigated whether phonological interference can be obtained without prime naming. We then contrasted the interference effects obtained when only the targets are named aloud with those in a condition in which both the primes and targets are named aloud.
To investigate these issues we used a modified version of Taraban and McClelland's (1987) methodology. Specifically, we included enemy (e.g., HAVE-CAVE), friend (e.g., WAVE-CAVE), and control (e.g., TAPS-CAVE) primes. In an attempt to maintain consistency across stimulus pairs, for enemy primes what we deemed to be the irregular word of the pair was selected to be the prime. Henceforth, this condition will be referred to as the irregular prime condition (with the friend prime condition being referred to as the regular prime condition). In a few pairs involving enemies where it was unclear which was the irregular word and which was the regular word the designation of prime and target was somewhat arbitrary. However, given the strong parallels between priming regular words with irregular words and irregular words with regular words reported by Burt and Humphreys (1993) , the question of which word was the prime and which was the target would seem not to be an important one. In any case, as will be noted subsequently, removing these pairs from the analysis did not change any of the results.
A weakness in Taraban and McClelland's (1987) and Burt and Humphreys's (1993) designs was noted and corrected. These authors used what is technically an inappropriate control condition. Trials with related irregular primes were compared to a control condition with unrelated regular primes. When the prime is an irregular word, the control condition should also involve an irregular prime. More generally, there is some indication in the literature that processing time for the prime is an important determinant of processing time for the target regardless of whether there is a relation between prime and target (Lupker & Williams, 1989; Vanderwart, 1984) . Thus, when possible, it is important that the same primes be used in the related and unrelated conditions with their pairings being interchanged in the two conditions. As such, in our first two experiments four types of priming conditions were used: irregular related, irregular unrelated, regular related, and regular unrelated. Based on similar considerations, the frequency of the primes was controlled by dividing the primes into high and low frequency sets and manipulating prime frequency in both the related and unrelated conditions. This allowed us to control for effects of prime frequency. In all three of the experiments the targets were low frequency regular words.
EXPERIMENT 1
In Experiment 1 we attempted to determine whether interference and facilitation effects can be obtained without prime naming and, if so, the time course of those effects. Thus, in Experiment 1 the primes were not named and SOA was manipulated. To accomplish this, there were three SOA conditions in Experiment 1: in Condition A the SOA was 129 ms, in Condition B the SOA was 314 ms, and in Condition C the SOA was 814 ms. These SOA values approximate the SOAs used in Lupker and Colombo's (1994) Experiment 1 and thus should allow a comparison with their results.
Method Participants
The participants in Experiments 1 were undergraduate students at the University of Western Ontario. Thirty-six participants were tested in Condition A, 24 new participants were tested in Condition B, and 30 new participants were tested in Condition C.
In each of the experiments reported here, participants were paid or received partial course credit in an introductory psychology course for their participation. All participants considered English to be their first language and had normal or corrected-to-normal vision.
Apparatus
Stimuli were presented on a computer monitor on which letters were approximately 0.60 cm high and at eye level for participants. Participants sat approximately 50 cm from the monitor screen. Naming times were recorded by a microphone connected to an electronic voice key relay which is triggered by vocal responses.
Stimuli
Thirty-two formally similar prime-target pairs were selected such that the prime and target were regular (rhyming) words (e.g., NEED-WEED). For 16 pairs the prime frequency was greater than 60 per million (M ϭ 280.9, Median ϭ 128.0), and for the remaining 16 pairs the prime frequency was less than 55 per million (M ϭ 11.2, Median ϭ 6.5) (Kučera & Francis, 1967) . Frequency for all targets was less than 55 per million (M ϭ 9.6, Median ϭ 6.5 for targets paired with high frequency primes; M ϭ 6.4, Median ϭ 3.0 for targets paired with low frequency primes).
Another 32 formally similar prime-target pairs were selected such that the prime was an irregular word and the target was a regular word, e.g., WHAT-CHAT. For 16 pairs the prime frequency was greater than 60 per million (M ϭ 615.2, Median ϭ 322.0) and for the remaining 16 pairs the prime frequency was less than 55 per million (M ϭ 10.5, Median ϭ 7.0).
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Frequency for all targets was less than 55 per million (M ϭ 10.9, Median ϭ 7.0 for targets paired with high frequency primes; M ϭ 10.9, Median ϭ 4.0 for targets paired with low frequency primes). A complete list of the primes and targets is presented in the Appendix.
The ideal stimulus set for this experiment would involve only regular inconsistent targets; that is, regular words with body neighborhoods in which at least one word has an irregular pronunciation. Unfortunately, there are too few inconsistent word bodies to accomplish this (and, at the same time, to use the same primes in 2 These averages are based on 31 of the 32 pairs because after Experiments 1 and 2 had been completed, we discovered that the prime "SAID" had been misclassified as a low frequency word. In addition, some questions were raised about the use of "WIND" as a target, since it is a homograph, and about the regularity of "DON," "STEIN," "TOLL," and "BOMB." To address these issues, the analyses in Experiments 1 and 2 were also performed with these stimuli removed. In no instance did this change the results.
both the related and unrelated conditions) without considerable repetition of word bodies. Because targets in the irregular prime condition must be inconsistent, many (26 of 32) of the targets in the regular prime condition were consistent. As discussed below, there is no reason to believe that this compromise affected the results of these experiments.
To ensure that each target was presented in both the related and unrelated conditions, two lists of stimuli were created. Targets paired with a related prime in List A (e.g., NEED-WEED) were paired with an unrelated prime in List B (e.g., HELP-WEED). The unrelated pairs were created such that there was minimal overlap in orthography between the prime and target. For the majority of unrelated pairs, there were no overlapping letters. In some cases there was one overlapping letter (as in the HELP-WEED example) and in one case (involving a five-letter prime) there were two overlapping letters. The mean overlap between primes and targets in the unrelated condition was 0.23 letters.
Each participant was to respond to each target only once, so two groups of participants were required in order to complete the counterbalancing. Participants were assigned to the conditions by the order in which they appeared for the experiment such that the odd-numbered participants were assigned to one group and the even-numbered participants were assigned to the other group.
Procedure
Participants were told that they would be presented with a series of stimulus pairs on the computer screen, and their task for each pair would be to silently read the first word and to pronounce the second word aloud, as quickly and as accurately as possible. Participants first completed eight practice trials; one for each of the conditions in the experiment. Then the 64 experimental trials were presented.
Each trial began with a 1000 ms fixation cross. Then the prime appeared and remained on the screen for 86 ms in Condition A, 271 ms in Condition B, and 771 ms in Condition C. After a 43 ms interstimulus interval (ISI), the target appeared and remained on the screen until the participant responded. Thus, the SOA was 129 ms in Condition A, 314 ms in Condition B, and 814 ms in Condition C. The intertrial interval was 2000 ms.
Results and Discussion
Condition A Naming latencies. In this and each of the following experiments a trial was considered an error, and was excluded from the latency analyses, if the naming latency was longer than 1100 ms or shorter than 250 ms (2.9% of all trials), or if the target was mispronounced (4.2% of all trials). Mean naming latencies are presented in Table 1 . The correct naming latencies were submitted to a two (Relatedness) by two (Prime Regularity) by two (Prime Frequency) by two (Participant Group) ANOVA, with Relatedness, Prime Regularity, and Prime Frequency as within-subject factors and Participant Group as a between-subjects factor. In addition, in this and all subsequent experiments, the data were analyzed with both subjects and items analyses (F 1 and F 2 , respectively). 3 The words used in these experiments were not selected "randomly" in any sense of the term. Rather, they were selected because they met an extensive set of criteria. Further, across the three experiments, the set of items used virtually exhausts the entire population of inconsistent word bodies. The implication is that "items" really should not be treated as a random factor in any of these analyses because to do so would be to violate a number of assumptions underlying the ANOVA model (see Wike & Church, 1976) . Further, because the items were not randomly selected, significant effects obtained in an ANOVA treating items as a random factor would not allow us to "generalize over items" in any case. Concerns about generalizability over items are, however, addressed by the virtually identical results in the three experiments even though different item sets were used. Using planned comparisons we examined the differences between naming latencies in the related and unrelated conditions for each type of prime-target pair. Target naming was significantly slowed by high frequency irregular primes (t 1 (35) ϭ 4.77, p Ͻ .001, one-tailed; t 2 (15) ϭ 2.27, p Ͻ .05, one-tailed) but not by low frequency irregular primes (t 1 Ͻ 1; t 2 Ͻ 1). The small interference effects for high frequency regular and low frequency regular primes were not significant (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
Naming errors. Naming errors occurred if participants mispronounced word targets. Three types of mispronunciations were included: (1) a participant "regularized" the word; for instance, pronounced "SOOT" as "SUIT;" (2) a participant mispronounced the word in another way; for instance, pronounced "BROOD" as "BRODE;" and (3) a participant stuttered during their pronunciation.
Mean percentages of errors for each condition are presented in Table 1 . The error data were submitted to the same analyses as the latency data. Results showed significant main effects of Relatedness (F 1 (1,34) ϭ 8.31, p Ͻ .01, MSe ϭ 35.0; F 2 (1,56) ϭ 10.16, p Ͻ .005, Planned comparisons showed that there were significantly more errors in the related condition for both high frequency irregular primes (t 1 (35) ϭ 3.59, p Ͻ .001, one-tailed; t 2 (15) ϭ 2.33, p Ͻ .05, one-tailed) and for low frequency irregular primes (t 1 (35) ϭ 2.87, p Ͻ .005; t 2 (15) ϭ 2.02, p Ͻ .05, one-tailed). The small effects for high frequency regular and low frequency regular primes were not significant (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
The results of Condition A show clear interference for target naming when primed by high frequency irregular primes, some evidence of interference when primed by low frequency irregular primes, and no facilitation from high or low frequency regular (rhyming) primes. The fact that the interference (at least for high frequency irregular primes) arose at such a short SOA suggests that this effect was due to automatic prime processing. Further, the fact that this interference arose when participants read the primes silently provides strong evidence against Bradshaw and Nettleton's (1974) claim that phonological interference effects only arise when primes are named. On the other hand, the interference effect is consistent with Taraban and McClelland's (1987) conspiracy model which views the naming process as dependent on the interactions among neighbors. Taraban and McClelland's (1987) conspiracy model does, however, have some difficulty with our finding that rhyming primes did not facilitate target naming. According to the conspiracy model, facilitation in naming should occur when primes and targets share both orthography and phonology, and these authors did report this effect for nonword targets. However, the absence of facilitation in this experiment replicates Lupker and Colombo's (1994) results since Lupker and Colombo found facilitation only for low frequency irregular primes and targets.
The fact that interference from low frequency irregular primes was quite weak in Condition A (only showing up in the error data) could be explained if phonological codes for low frequency irregular primes are derived more slowly than those for high frequency primes (Seidenberg et al., 1984) . It may be that a certain level of activation is needed in order to obtain these interference effects and an SOA of 129 ms might be too brief for the phonological code for a low frequency irregular word to be highly activated.
It is also possible that the short SOA might explain the absence of facilitation from rhyming regular primes. That is, facilitative effects from friends might arise more slowly than competition from enemies. If so, then the longer SOA used in Condition B would be more likely to produce facilitation from rhyming primes.
Condition B
Naming latencies. Trials were excluded from these analyses if the naming latency was outside the cutoff times (1.9% of all trials) or if the target was mispronounced (3.9% of all trials).
Mean naming latencies are presented in Table  1 . There was a significant main effect of Prime Regularity (F 1 (1,22) Planned comparisons showed that, in the subjects analyses, target naming was significantly delayed by the high frequency irregular (t 1 (23) ϭ 1.90, p Ͻ .05, one-tailed; t 2 (15) ϭ 1.07, p Ͼ .05, one-tailed) and low frequency irregular (t 1 (23) ϭ 1.90, p Ͻ .05, one-tailed; t 2 (15) ϭ .85, p Ͼ .05, one-tailed) primes, although these effects were not significant in the items analyses. Target naming was not significantly facilitated by the high frequency regular or low frequency regular primes (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
Naming errors. Mean percentages of errors for each condition are presented in The Prime Frequency by Prime Regularity interaction was significant in the subjects analysis (F 1 (1,22) ϭ 9.29, p Ͻ .001, MSe ϭ 40.8; F 2 Ͻ 1). These effects are attributable to a high number of errors in the related condition for high frequency irregular primes. No other effects were significant.
Using planned comparisons we examined the differences between naming errors in the related and unrelated conditions for each type of primetarget pair. There were significantly more errors in the related condition for high frequency irregular primes (t 1 (23) ϭ 4.13, p Ͻ .001, onetailed; t 2 (15) ϭ 2.44, p Ͻ .05, one-tailed) and for low frequency irregular primes (t 1 (23) ϭ 2.46, p Ͻ .05, one-tailed; t 2 (15) ϭ 2.42, p Ͻ .05, one-tailed). The effects for high frequency regular and low frequency regular primes were not significant (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
The results of Condition B showed equivalent interference effects from both high and low frequency irregular primes. These results are slightly different than those of Condition A where the interference effect was much stronger for high frequency irregular primes. This difference, however, is reasonably well explained by the longer SOA in Condition B. When the SOA was increased from 129 to 314 ms the phonological codes for low frequency irregular words became more fully activated and produced more interference for naming regular neighbors.
As in Condition A, there was again no evidence of facilitation of target naming from rhyming primes. This finding is somewhat problematic for the conspiracy model (Taraban & McClelland, 1987) and its hypothesis that neighbors interact with each other and with the target and contribute to the synthesis of a pronunciation.
In Condition C we continued our examination of the time course of phonological interference and facilitation using an SOA of 814 ms. It can be assumed that by 814 ms the automatic activation generated by prime processing has, to some extent, dissipated and that whatever activation remains is being maintained by strategic control (Neely, 1977) . That is, the activation available at 814 ms SOA is likely to involve strategic anticipation of target phonology, rather than being due to automatic activation within neighborhoods.
As noted, Burt and Humphreys (1993) did report interference effects after a substantial delay between prime and target. They concluded that phonological priming is a learning effect rather than an activation effect as postulated by Taraban and McClelland's (1987) model. However, Burt and Humphreys's participants pronounced both the prime and target. The output code generated when naming the prime aloud could, at least in theory, provide an additional source of interference. In the present study participants did not name the prime aloud. Thus, if interference effects are observed in Condition C, our results would extend Burt and Humphreys's results by demonstrating that interference effects for target naming occur at longer intervals even without overt naming of the prime.
Condition C
Naming latencies. Trials were excluded from these analyses if naming latencies were outside the cutoff times (1.7% of all trials), or if the target was mispronounced (2.0% of all trials).
As illustrated in Planned comparisons showed significant interference for high frequency irregular primes (t 1 (29) ϭ 3.94, p Ͻ .001, one-tailed; t 2 (15) ϭ 2.34, p Ͻ .05, one-tailed), and for low frequency irregular primes (t 1 (29) ϭ 4.65, p Ͻ .001, one-tailed; t 2 (15) ϭ 2.98, p Ͻ .01, onetailed). There was no facilitation from either high frequency regular primes or low frequency regular primes (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
Naming errors. Mean percentages of errors for each condition are presented in Table 1 . The analysis of naming errors showed significant main effects of Relatedness (F 1 (1,28) Planned comparisons showed significant differences between error rates in the related and unrelated conditions for high frequency irregular primes (t 1 (29) ϭ 3.16, p Ͻ .005, one-tailed; t 2 (15) ϭ 2.82, p Ͻ .01, one-tailed), and for low frequency irregular primes (t 1 (29) ϭ 1.94, p Ͻ .05, one-tailed; t 2 (15) ϭ 2.78, p Ͻ .01, onetailed). There were no differences in naming errors between related and unrelated conditions for either high frequency regular primes or low frequency regular primes (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
Priming with either a high or low frequency irregular word at 814 ms SOA delayed naming of regular targets. Further, the interference effects observed in Condition C do not appear to be due to a strategic expectancy process. If interference with target naming had arisen because participants were expecting a rhyming word (even after processing an irregular prime) and, hence, were keeping the relevant processing structures active, this would explain why there was interference in the irregular prime condition. However, such a strategy should also have led to facilitation when regular rhyming primes preceded target words. This was not the case as the results of Condition C showed little evidence of facilitation from regular rhyming primes.
The results from Experiment 1 indicate that conspiracy effects of body enemies do arise automatically and persist even after a prime's automatically generated activation should have substantially dissipated. Facilitation, on the other hand, does not arise either automatically or, at least under the present circumstances, strategically. Taraban and McClelland's (1987) conspiracy model has some difficulty accounting for these data. According to the model, conspiracy effects result from the persistence of the activation generated by the prime. Thus, the interference effects in Condition C can only be explained if we assume that automatic prime activation has a rather long duration. Furthermore, the finding that at all three SOAs priming from body friends did not facilitate the subsequent naming of regular neighbors also poses at least a bit of a problem for the model. Taraban and McClelland (1987) reported facilitation in nonword naming when nonword targets were preceded by regular words. Thus, it is a puzzle why facilitation was not found in the present study (or by using word targets. Other than the difference in the nature of the targets, possibly an important difference between the two studies is that in Taraban and McClelland's study primes were read aloud. Thus, the facilitation they reported may have been the result of facilitation derived from an output code. For example, the use of sufficiently similar articulatory-motor commands for primes and targets at the output stage of naming may have produced faster target naming.
Hypothesizing that phonological priming effects are due to output codes is not without precedent. As noted, Bradshaw and Nettleton's (1974) results seemed to show that overt articulation of both prime and target is necessary in order to get interference effects. They argued that interference occurs only when different articulatory output sets are used in succession. While the results of Experiment 1 indicate that this conclusion is too strong, it could be the case that naming the prime increases output interference for irregular primes and regular targets, and/or that naming the prime produces facilitation when primes and targets rhyme. If these types of interference and facilitative processes exist, they may be different from the ones proposed by the conspiracy model which localizes the effects at the phonological code generation stage of naming. These issues were investigated in Experiment 2.
EXPERIMENT 2
In Experiment 2 a between-subjects design was used to compare target naming latencies for participants who read the primes aloud to target naming latencies for participants who read the primes silently. In order to provide the best comparison between these two groups of participants, prime presentation duration was matched as closely as possible: The mean naming times for each of the primes in the "read primes aloud" (Aloud) condition were used to determine how long each of the primes should be presented in the "read primes silently" (Silent) condition.
Method
Participants. The participants in Experiment 2 were 56 undergraduate students at the University of Western Ontario. The first 28 individuals to participate in the experiment were assigned to the Aloud condition and the next 28 individuals were assigned to the Silent condition. In addition, in order to counterbalance assignment of targets to related and unrelated conditions, two groups of participants were created in both the Aloud and Silent conditions. As in Experiment 1, participants were assigned to these groups by their order of participation in the experiment.
Apparatus and stimuli. The apparatus and stimuli for Experiment 2 were the same as those used in Experiment 1.
Procedure. The procedure used in Experiment 2 was similar to the one used in Experiment 1. Participants were told that they would be presented with a series of word pairs. The participants in the Aloud condition were instructed to read aloud both the primes and targets as quickly and as accurately as possible. In this condition, each trial began with a 1000 ms fixation cross, immediately followed by the prime which remained on the screen until the participant named it aloud.
Once the participant had initiated a naming response, the screen was blank for 500 ms. A 500 ms interstimulus interval was used so that the target would not appear while the prime was still being named. Following this interval the target appeared and remained on the screen until the participant named it aloud. Once the participant had initiated the naming response for the target, the screen was blank for an intertrial interval of 2000 ms.
The participants in the Silent condition were instructed to read the primes silently and pronounce the targets aloud, as quickly and as accurately as possible. The mean naming latency for each prime in the Aloud condition was calculated and used as the presentation duration for that prime in the Silent condition. Thus, for participants in the Silent condition the prime presentation duration varied from prime to prime. The trial procedure for the Silent condition was the same as that used in the Aloud condition, except that the primes were presented for predetermined intervals and the participants responded only to the targets. Since the average naming latency for primes in the Aloud condition was 560 ms, and a 500 ms blank screen was presented between presentation of the primes and targets, the average SOA for trials in the Silent condition was 1060 ms.
To ensure that participants in the Aloud condition were not adopting any unusual strategies in order to name the primes and targets in succession, we conducted a pilot study in which 20 participants were asked to name the stimuli used in Experiments 1 and 2. For this pilot study, stimuli were presented individually rather than as prime-target pairs. Presentation order was randomized for each participant. The correlation between mean naming latencies for the prime stimuli in the pilot study (M ϭ 528 ms, SD ϭ 56) and for the primes in the Aloud condition (M ϭ 560, SD ϭ 59) was r ϭ .88. Therefore, the naming process for primes in the Aloud condition appeared to be quite similar to the process used in a standard naming task.
Results and Discussion
Naming latencies. In the Aloud condition, trials were excluded if the naming latency was outside the cutoff times (1.5% of all trials), or if the prime or target was mispronounced (the prime was mispronounced on 2.5% of trials and the target was mispronounced on 7.6% of trials). Similarly, in the Silent condition, trials were excluded if the naming latency was outside the cutoff times (1.9% of all trials), or if the target was mispronounced (6.4% of all trials). Mean naming latencies are presented in Table 2 . The correct naming latencies were submitted to a two (Relatedness) by two (Prime Regularity) by two (Prime Frequency) by two (Participant Group) by two (Instruction Condition) ANOVA, with Relatedness, Prime Regularity, and Prime Frequency as within-subject factors and Participant Group and Instruction Condition as between-subject factors.
As illustrated in Table 2 , the main effects of Prime Regularity (F 1 (1,52) Also significant was the Instruction Condition by Prime Regularity interaction (F 1 (1,52) ϭ 19.37, p Ͻ .001, MSe ϭ 1478.7; F 2 (1,112) ϭ 3.57, p ϭ .06, MSe ϭ 3772.6). The difference between naming latencies for trials with regular primes (M ϭ 528 ms) and trials with irregular primes (M ϭ 591 ms) was bigger in the Aloud condition than in the Silent condition (M ϭ 547 ms for trials with regular primes and M ϭ 577 ms for trials with irregular primes). However, this interaction was qualified by the significant Instruction Condition by Relatedness by Prime Regularity interaction (F 1 (1,52) ϭ 6.10, p Ͻ .05, MSe ϭ 1150.9; F 2 (1,112) ϭ 5.32, p Ͻ .05, MSe ϭ 655.6). No other effects were significant.
Planned comparisons were used to examine the difference between latencies in the related and unrelated conditions for each type of primetarget pair. In the Aloud condition, target naming was significantly delayed for high frequency irregular primes (t 1 (27) ϭ 2.74, p Ͻ .05, onetailed; t 2 (15) ϭ 2.52, p Ͻ .05, one-tailed) and for low frequency irregular primes (t 1 (27) ϭ 3.85, p Ͻ .01, one-tailed; t 2 (15) ϭ 2.77, p Ͻ .01, one-tailed). Also, in that condition, facilitation of target naming was significant for high frequency regular primes (t 1 (27) ϭ 1.82, p Ͻ .05, one-tailed; t 2 (15) ϭ 1.50, p ϭ .07, onetailed) and for low frequency regular primes (t 1 (27) ϭ 1.93, p Ͻ .05, one-tailed; t 2 (15) ϭ 2.66, p Ͻ .01, one-tailed). In the Silent condition, target naming was significantly delayed for high frequency irregular primes, although the effect was not significant by items (t 1 (27) ϭ 2.10, p Ͻ .05, one-tailed; t 2 (15) ϭ .96, p Ͼ .05, onetailed). There was also a significant effect for low frequency irregular primes (t 1 (27) ϭ 3.15, p Ͻ .01, one-tailed; t 2 (15) ϭ 3.11, p Ͻ .005, one-tailed). Finally, in the Silent condition, facilitation of target naming was not significant for either high frequency regular primes or low frequency regular primes (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
We also compared the size of interference and facilitation effects, across frequency, in the Aloud and Silent conditions. The magnitude of the interference effects from irregular primes in the Aloud and Silent conditions differed only marginally (t 1 (54) ϭ 1.39, p ϭ .09, one-tailed; t 2 (62) ϭ 1.35, p ϭ .09, one-tailed). The magnitude of the facilitation effects from regular primes in the Aloud and Silent did differ significantly (t 1 (54) ϭ 2.48, p Ͻ .05, one-tailed; t 2 (62) ϭ 1.59, p ϭ .06, one-tailed), as would be expected since significant facilitation was observed only in the Aloud condition.
Naming errors. Mean percentages of errors for each condition are presented in Table 2 . The analysis of naming errors showed significant effects of Relatedness (F 1 (1,52) (F 1 (1,52) ϭ 4.50, p Ͻ .05, MSe ϭ 43.5; F 2 Ͻ 1). No other effects were significant.
Planned comparisons showed that in the Aloud condition, the difference between errors in the related and unrelated conditions was significant for high frequency irregular primes (t 1 (27) ϭ 5.16, p Ͻ .001, one-tailed; t 2 (15) ϭ 2.18, p Ͻ .05, one-tailed) and for low frequency irregular primes in the subjects analysis (t 1 (27) ϭ 2.37, p Ͻ .05, one-tailed; t 2 Ͻ 1). There were no effects for either high frequency regular primes or low frequency regular primes (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
In the Silent condition, there were significant effects in the errors for high frequency irregular primes (t 1 (27) ϭ 4.13, p Ͻ .001, one-tailed; t 2 (15) ϭ 2.41, p Ͻ .05, one-tailed) and for low frequency irregular primes (t 1 (27) ϭ 2.12, p Ͻ .05, one-tailed; t 2 (15) ϭ 1.50, p ϭ .07, onetailed). There were no effects for either high frequency regular primes or low frequency regular primes (t 1 Ͻ 1; t 2 Ͻ 1 in both cases).
The results of Experiment 2 suggest that, although interference from body enemies occurs even when primes are not read aloud, the effects may be larger when the prime is read aloud. Bradshaw and Nettleton (1974) argued that overt articulation of both prime and target is necessary to produce interference effects. They suggested that an articulatory output set may be established briefly when the prime is named, and that the application of this set may inhibit subsequent naming of a target that shares the prime's orthography but not its phonology. The results from Experiment 2 are partly consistent with this view. The fact that the interference effect was numerically larger when primes were read aloud suggests that processes of this sort may in fact be involved.
The results from Experiment 2 also support the conclusion that facilitation from regular rhyming primes does occur when the primes are read aloud. A possible explanation, in line with the Bradshaw and Nettleton (1974) argument, is that facilitation occurs when a similar articulatory set is established for naming the prime and the target. Taken together, the results from Experiment 2 suggest that there may be some validity to Bradshaw and Nettleton's (1974) claim that output codes are a source of both interference and facilitation effects.
EXPERIMENT 3
The main generalization to be drawn from the results of Experiments 1 and 2 is that phonological facilitation requires output coding of the prime while phonological interference is produced by both output and phonological coding of the prime. In Experiment 3 we attempted to determine which component of target processing is affected by these prime codes. That is, target processing also must involve both phonological and output coding. Although Bradshaw and Nettleton (1974) suggested that target output is the process affected by the prime's output code, it is equally possible that the prime's output code is actually affecting the phonological coding of the target.
We addressed these issues by using a set of prime-target pairs like EIGHT-HATE that have the same relation between output codes as those in the previous experiments (e.g., MATE-HATE), but that have a different relation between orthography and phonology. If, in previous experiments, what is being affected by the primes is the output coding process of the target, these EIGHT-HATE pairs should produce similar effects to those observed previously (i.e., facilitation only when the prime is named). However, because the phonological coding process of the target is different from that of the prime, if that process is the process being affected, no facilitation effects would be expected.
There is some literature on the issue of EIGHT-MATE priming. In a lexical decision task, Hillinger (1980) reported facilitation for EIGHT-MATE word pairs. Martin and Jensen (1988) , however, were unable to replicate Hillinger's effect. Using a naming task, Peter, Lukatela, and Turvey (1990) also reported a failure to find facilitation for MATE primed with EIGHT. In the Peter et al. experiments, however, participants read the prime silently before naming the target. Based on the results of the present Experiment 2, it is possible that the naming of MATE would have been facilitated if the prime EIGHT had been named aloud.
One question to be addressed in Experiment 3, then, is whether there is facilitation for EIGHT-HATE as well as MATE-HATE when both primes and targets are named. A similar question can be asked about the interference effects. That is, since TOMB as a prime leads to interference in naming the target BOMB, will ROOM as a prime lead to interference in naming the target BOMB (either when the prime is named or when it is not)? If so, it would implicate the target output process as a locus of the interference effect. If not, it would suggest that the locus of the interference effect was solely the process of generating the target's phonological code.
Method
Participants. The participants in Experiment 3 were 88 undergraduate students at the University of Western Ontario. The first 44 individuals to participate in the experiment were assigned to the Aloud condition and the next 44 individuals were assigned to the Silent condition.
Apparatus. The apparatus was the same as that described for Experiment 1.
Stimuli. As in Experiments 1 and 2, the stimuli for Experiment 3 included both regular and irregular primes. Although each participant was presented with pairs of stimuli (one prime and one target in each pair), the stimuli for this experiment consisted of triples of two primes and one target. The triples were constructed so that formal similarity of prime and target could be manipulated within items. For instance, in the regular prime condition, one prime-primetarget triple was EIGHT-MATE-HATE. Using this triple, participants would either be presented with a phonologically and formally similar prime-target pair (MATE-HATE), a phonologically similar and formally dissimilar primetarget pair (EIGHT-HATE), or an unrelated pair (AXE-HATE or WINE-HATE). Similarly, a prime-prime-target triple in the irregular prime condition was ROOM-TOMB-BOMB, and participants would either be presented with a phonologically dissimilar and formally similar prime-target pair (TOMB-BOMB), a phonologically "pseudodissimilar" and formally dissimilar prime-target pair (ROOM-BOMB), or an unrelated pair (SEW-BOMB or CHEF-BOMB).
As in Experiments 1 and 2, the unrelated pairs (e.g., SEW-BOMB) were created such that there was minimal overlap in orthography between the prime and target. The mean overlap between primes and targets in the unrelated condition was 0.35 letters.
Thirty-two rhyming prime-prime-target triples were selected such that target frequency was less than 55 per million (M ϭ 14.9, Median ϭ 18) and the primes shared the regular phonology of the target ("regular" prime condition). Another 28 prime-prime-target triples were selected such that target frequency was less than 55 per million (M ϭ 14.4, Median ϭ 10) and one prime was irregular and formally similar to the target and the other prime rhymed with the first prime but was formally dissimilar to the target ("irregular" prime condition).
In this experiment, prime frequency was not manipulated. Because there was a limited number of stimulus triples from which to choose we were unable to match the frequency of the two types of primes (formally similar and dissimilar) in the regular and irregular conditions. The mean frequencies of the primes in the regular condition were 130.0 (Median ϭ 21.0) and 37.0 (Median ϭ 11.0) for the formally similar and dissimilar primes, respectively. The mean frequencies of the primes in the irregular condition were 300.1 (Median ϭ 50.0) and 150.5 (Median ϭ 21.5) for the formally similar and dissimilar primes, respectively. In Experiment 2, where prime frequency was manipulated and the SOA was similar to that used in this experiment, prime frequency did not interact with relatedness in either the latency or error data. Therefore, although the mean frequencies for the prime conditions in Experiment 3 were somewhat different, there was no reason to believe that any effects involving relatedness would be affected by those differences.
There were four different versions of the stimulus list in the experiment as each target was paired with each of the two types of related primes and the two types of unrelated primes. In order that each participant see only one version of the stimulus list, four groups of participants were used in both the Aloud and Silent conditions. Participants were assigned to these groups by the order in which they appeared for the experiment.
Following eight practice trials, each participant was presented with 60 experimental trials. The stimuli were presented in a different random order for each participant. A complete list of the primes and targets is presented in the Appendix.
Procedure. The procedure was similar to that used in Experiment 2. The mean naming latency for each prime in the Aloud condition was calculated and was used as the presentation duration for that prime in the Silent condition. Since the average naming latency for primes in the Aloud condition was 612 ms, and a 500 ms blank screen was presented between the prime and target, the average SOA for trials in the Silent condition was 1112 ms.
Results and Discussion
Naming latencies. Trials were excluded from these analyses if the naming latency was outside the cutoff times (2.4% of trials in the Silent and Aloud conditions combined), or, in the Aloud condition, if the prime or target was mispronounced (the prime was mispronounced on 2.1% of trials and the target was mispronounced on 5.2% of all trials). In the Silent condition, trials were also excluded if the target was mispronounced (3.0% of trials). Mean naming latencies are presented in Table 3 . The correct naming latencies were submitted to a two (Relatedness) by two (Prime Regularity) by two (Formal Similarity) by two (Participant Group) by two (Instruction Condition) ANOVA, with Relatedness, Prime Regularity, and Formal Similarity as within-subject factors and Participant Group and Instruction Condition as between-subject factors.
As illustrated in Table 3 , the main effect of Prime Regularity was significant (F 1 (1,80) ϭ 39.78, p Ͻ .001, MSe ϭ 1211.9; F 2 (1,52) ϭ 2.19, p ϭ .09, MSe ϭ 12800.6). The interactions of Prime Regularity and Relatedness (F 1 (1,80) ϭ 6.46, p Ͻ .05, MSe ϭ 1134.8; F 2 (1,52) ϭ 3.34, p ϭ .07, MSe ϭ 2712.6) and Prime Regularity and Formal Similarity (F 1 (1,80) ϭ 10.20, p Ͻ .005, MSe ϭ 1292.6; F 2 (1,52) ϭ 3.61, p ϭ .06, MSe ϭ 2100.7), were also significant.
Further, the three-way interaction of Prime Regularity, Relatedness, and Formal Similarity was significant (F 1 (1,80) ϭ 22.24, p Ͻ .001, MSe ϭ 1127.4; F 2 (1,52) ϭ 4.00, p Ͻ .05, MSe ϭ 4447.9), as was the four-way interaction of Instruction Condition, Prime Regularity, Relatedness, and Formal Similarity (F 1 (1,80) ϭ 4.83, p Ͻ .05, MSe ϭ 1127.4; F 2 (1,52) ϭ 2.07, p ϭ .14, MSe ϭ 2149.9), although this effect was not significant in the items analysis. The interaction of Prime Regularity, Relatedness, and Formal Similarity was much larger in the Aloud condition.
Planned comparisons showed that, in the Aloud condition, there was significant interference for formally similar, irregular primes (TOMB-BOMB) (t 1 (43) ϭ 3.36, p Ͻ .001, one-tailed; t 2 (27) ϭ 3.13, p Ͻ .005, one-tailed). Also, in that condition, facilitation of target naming was significant for formally similar, regular primes (MATE-HATE) (t 1 (43) ϭ 2.39, p Ͻ .05, one-tailed; t 2 (31) ϭ 1.36, p ϭ .09, one-tailed), although the effect was only marginally significant in the items analysis. The effect for formally dissimilar, regular (EIGHT-HATE) primes went in the opposite direction to what had been expected (t 1 (43) ϭ 1.79, p ϭ .08, two-tailed; t 2 (31) ϭ 1.74, p ϭ .09, twotailed), and was not significant. Target naming was not significantly affected by the formally dissimilar irregular (ROOM-BOMB) primes (t 1 Ͻ 1; t 2 Ͻ 1). In the Silent condition, there was significant interference for target naming for formally similar irregular primes (TOMB-BOMB) (t 1 (43) ϭ 2.48, p Ͻ .01, one-tailed; t 2 (27) ϭ 1.06, p ϭ .15, one-tailed), although the effect was not significant in the items analysis. There was no significant effect for formally similar regular primes (MATE-HATE) (t 1 Ͻ 1; t 2 Ͻ 1), or for formally dissimilar irregular (ROOM-BOMB) (t 1 (43) ϭ 1.14, p ϭ .13, one-tailed; t 2 (27) Ͻ 1) or regular (EIGHT-HATE) (t 1 Ͻ 1; t 2 Ͻ 1) primes.
We also compared the size of interference and facilitation effects in the Aloud and Silent conditions. The difference in the interference effects from formally similar irregular primes in the Aloud and Silent conditions was significant by subjects and marginally significant by items (t 1 (86) ϭ 1.69, p Ͻ .05, one-tailed; t 2 (27) ϭ 1.48, p ϭ .09, one-tailed). The difference in the facilitation effects from formally similar regular primes in the Aloud and Silent was marginally significant by subjects (t 1 (86) ϭ 1.53, p ϭ .06, one-tailed; t 2 (31) ϭ .96, p ϭ .14, one-tailed), due to the fact that facilitation was observed only in the Aloud condition. The effects of formally dissimilar irregular primes were not significantly different in the Aloud and Silent conditions (t 1 Ͻ 1; t 2 Ͻ 1). The difference in the effects of formally dissimilar regular primes in the two conditions was not significant (t 1 (86) ϭ 1.60, p ϭ .15, two-tailed; t 2 (31) Ͻ 1), and the small difference that did arise went in the wrong direction.
Naming errors. Mean percentages of errors for each condition are presented in Table 3 . The analysis of naming errors showed a significant main effect of Instruction Condition (F 1 (1,80) ϭ 11.24, p Ͻ .001, MSe ϭ 47.0; F 2 (1,52) ϭ 5.78, p Ͻ .05, MSe ϭ 26.9). The interaction of Instruction Condition and Prime Regularity was also significant (F 1 (1,80) ϭ 4.27, p Ͻ .05, MSe ϭ 24.1; F 2 (1,52) ϭ 2.84, p ϭ .09, MSe ϭ 26.9), although the effect was only marginally significant in the items analysis.
This analysis also showed a significant interaction of Prime Regularity and Relatedness (F 1 (1,80) ϭ 4.76, p Ͻ .05, MSe ϭ 32.6; F 2 (1,52) ϭ 5.01, p Ͻ .05, MSe ϭ 28.6). The other significant effect was the three-way interaction of Instruction Condition, Prime Regularity, and Formal Similarity (F 1 (1,80) ϭ 6.11, p Ͻ .05, MSe ϭ 24.1; F 2 (1,52) ϭ 2.27, p ϭ .13, MSe ϭ 35.7), although the effect was not significant in the items analysis.
Planned comparisons showed that, in the Aloud condition, there were significantly more errors in the related condition for formally similar, irregular primes (TOMB-BOMB) (t 1 (43) ϭ 2.73, p Ͻ .005, one-tailed; t 2 (27) ϭ 2.35, p Ͻ .05, one-tailed). There were no other significant effects in the Aloud condition (all t 1 Ͻ 1; t 2 Ͻ 1). In the Silent condition, there were no significant effects (t 1 Ͻ 1, t 2 Ͻ 1).
The results of Experiment 3 for formally similar primes and targets (TOMB-BOMB and MATE-HATE) replicated the results of Experiment 2. For target naming, there was evidence that phonological interference from enemy primes occurred when primes were read silently, and this effect appeared to increase when primes were read aloud. Phonological facilitation from friend primes occurred only when primes and targets were both named aloud. These results in Experiment 2 led us to conclude that both phonological facilitation and, to some extent, phonological interference are due to output coding of the prime. In Experiment 3 we attempted to determine what target process or processes (i.e., phonological code generation or output) is being affected in these tasks. This was done by determining whether the interference and facilitation effects were dependent on formal similarity between the primes and targets. If the effects due to generating output codes for the primes are purely the result of interactions between codes at the output level, then formally dissimilar rhyming primes and targets would produce the same facilitation when named aloud as formally similar rhyming primes and targets. Our results showed that formally dissimilar rhyming primes did not affect target naming, regardless of whether the primes were named aloud. In addition, target naming was not interfered with by our primes that rhymed with, but were spelled differently than, our enemy primes even when those primes were named aloud. Thus, there is little evidence that either the facilitation or interference effects observed in previous experiments were due simply to the interaction of output codes.
GENERAL DISCUSSION
In this paper, we have focused on the process underlying word naming. Clearly, this process involves translating orthographic codes into phonological codes, and articulation. Our specific issue of interest has been how this word naming process can be affected by phonologically similar and dissimilar primes. Our results suggest to us something very important about word naming and priming: The important components in these processes are not units and codes, but rather are the shared connections and weights linking orthographic and phonological units. Thus, in the account of the data that we will propose, the central issue is how those weights are affected by the presentation of formally similar primes.
In this research, we addressed two specific empirical issues. The first issue was the impact of naming the primes on both the interference from formally similar irregular primes and the facilitation from formally similar (i.e., rhyming) regular primes. As noted, according to Taraban and McClelland's (1987) conspiracy theory these effects are due entirely to the phonological coding process. However, in Taraban and McClelland's studies, as in most other studies in this literature, participants named the primes aloud, raising the possibility that output codes are somehow involved in the process. In fact, such a view had been expressed by Bradshaw and Nettleton (1974) who reported that these interference effects do not arise when primes are not named.
Our results show that irregular primes do not have to be named in order to cause interference in naming regular targets. However, as reported by Lupker and Colombo (1994) , our results also show that there is little, if any, facilitation from regular, rhyming primes when those primes are not named. In Experiments 2 and 3 the interference and potential facilitation effects were examined further by contrasting a condition in which participants read the primes silently with a condition in which participants named the primes aloud. The results showed that the interference effects arising when primes are read silently tended to increase when the primes were named aloud. The results also indicated that naming the primes aloud does facilitate the naming of formally similar rhyming targets.
The second specific issue addressed in these experiments was the time course of interference from irregular primes and facilitation from regular, rhyming primes. Taraban and McClelland (1987) argued that interference and facilitation arise because the residual activation of the prime's representational structures influences target processing. Burt and Humphreys (1993) , however, found that phonological interference survived a lengthy prime-target interval (10 intervening trials) and argued that this delayed interference was inconsistent with Taraban and McClelland's residual activation account (as well as with any other account that would try to explain these effects in terms of the concept of residual activation).
In our Experiment 1, interference was observed at SOAs ranging from 129 to 814 ms. In Experiments 2 and 3 interference (and facilitation when the primes were named) was observed at average SOAs of 1060 and 1112 ms. These findings suggest that although phonological interference effects arise rapidly, consistent with models attributing these effects to automatic activation, the effects also persist well beyond the time when automatic activation of a prime's representational structures should have decayed (unless maintained by control processes). The question is whether this time course of interference and facilitation can be explained by any model of word naming.
Before considering how these results might be interpreted by models of word naming, we should consider some empirical issues surrounding our lack of a facilitation effect when primes were not named. As noted, the targets used in the regular prime condition were generally consistent. From the perspective of the conspiracy theory one might ask whether it is legitimate to expect facilitation when naming regular-consistent words since these words are not exposed to competition from neighbors and, hence, are named very rapidly. Regular-inconsistent words, on the other hand, are exposed to some competition from irregular neighbors and, therefore, activating a friend of these words might be somewhat more likely to produce facilitation. More generally, the question is whether the lack of facilitation is simply a floor effect due to the speed with which regularconsistent words are named.
Certainly, this is a legitimate question. Although Lupker and Colombo (1994) produced little evidence of priming with (mainly) regularconsistent rhyming pairs, they did show that when rhyming irregular word pairs involving low frequency targets are used (e.g., WASH-SQUASH), facilitation is obtained, even when the primes are not named. Thus, the chance of observing facilitation may be higher for regularinconsistent words than for regular-consistent words. As the results of the Aloud conditions of Experiments 2 and 3 indicate, however, facilitation effects are obtained for regular-consistent words when the prime is read aloud. Thus, it is clear that even regular-consistent words can be facilitated if the conditions are right.
Further, one cannot explain those facilitation effects by suggesting that target naming was generally slower, and thus above floor, when facilitation was observed. In Experiment 2, for example, in the Aloud condition we observed facilitation from regular rhyming primes (18 ms for high frequency primes and 19 ms for low frequency primes) even though response times on the unrelated trials were actually slightly faster than those for the same trials in the Silent condition (534 and 541 ms for high frequency and low frequency regular primes in the Aloud condition, and 548 and 549 ms for high and low frequency regular primes in the Silent condition, respectively). Thus, it seems unlikely that the lack of facilitation when primes were read silently was due to a methodological or empirical artifact.
Models of Word Naming
According to Taraban and McClelland's (1987) conspiracy model, when a reader processes a prime, the representational structures for that word are activated. This activation affects the time to generate a phonological code for a subsequent target word. The model predicts that the activation produced by a formally similar irregular prime will inhibit pronunciation of a regular target, because the prime and target have conflicting phonological features. The activation produced by a regular prime, however, should facilitate regular target pronunciation since the prime and target share most phonological features.
Our discovery of interference even at relatively brief SOAs supports the assumption of the conspiracy model that interference stems from activation of the prime. However, the fact that the interference lasted well beyond the time when automatic activation of the prime should have dissipated and further, that the effect does not appear to be due to expectancies are difficult to reconcile with the conspiracy model. Finally, as stated above, the conspiracy model suggests that facilitation and interference occur by the same mechanism-activation of neighbors. Thus, there is no reason to expect interference without parallel facilitation, as we found in all three experiments when the primes were read silently.
To this point, we have been discussing the conspiracy model in the specific terms in which it was presented by Taraban and McClelland (1987) . The generic model is somewhat more flexible in that it involves a number of parameters. Could the parameters of the conspiracy model be set in such a way to make it predict interference but not facilitation? The important parameter here would seem to be the degree of inhibition between word-level units. When a prime word is presented, the lexical unit for the prime is activated. If one assumes that this activation has not decayed by the time the target word is presented, any formal similarity between prime and target will serve to further increase the activation in the word-level unit for the prime. The resulting activation in this unit may be so strong that it inhibits target processing at the word level. For a regular, rhyming prime and target, this inhibition may then eliminate any facilitation that might be provided by the fact that the prime and target share phonological features. For an irregular nonrhyming prime, this inhibition simply adds to the interference effect. Thus, with the correct selection of parameters the model could be made to predict interference without facilitation.
There are two problems with this account, however. The first is that it predicts inhibition effects even in a task like the lexical decision task, in which there are typically no phonological facilitation effects. Such a prediction is inconsistent with the previous literature (e.g., Colombo, 1986; Segui & Grainger, 1990) . The second problem is that it would be unable to explain the facilitation in our Aloud condition. That is, in order to account for the increased interference from enemy primes in the Aloud condition, one must make the assumption that naming the prime more strongly activates the prime's representational structures (including its word-level unit), effectively increasing the prime's ability to inhibit its neighbors. The problem, of course, is that this increased inhibition would affect the word-level units for friend targets as well. Thus, the implication is that one would be less likely to observe facilitation from friend primes in the Aloud condition than in the Silent condition. Obviously, this is not what occurred.
According to the tenets of the DRC model (Coltheart et al., 1993; Coltheart & Rastle, 1994) consistency effects are the result of processing on the lexical route. The workings of the lexical route are, in fact, quite similar to those embodied in the conspiracy model. Thus, the DRC model would make similar predictions to those of the conspiracy model. As discussed above, it might be possible to set parameters to predict no facilitation. Overall, however, this model will have no greater success than the conspiracy model because it will run into the same problems as the conspiracy model.
If one wishes to account for the present results, it appears that the most problematic issue to be dealt with is that when participants are called upon to name the primes, facilitation effects emerge and interference effects become more potent. In fact, as Burt and Humphreys (1993) demonstrated, naming the prime produces phonological interference effects at delays of up to 30 seconds between primes and targets. As they suggested, these types of results really are best described by PDP-type models (i.e., models based on learned correspondences between orthography and phonology) as long as those models also incorporate shorter-term, larger weight changes.
To extend Burt and Humphreys' (1993) explanation to the present data, their explanation must also account for: (a) the lack of facilitation from rhyming primes that are not named aloud, and (b) the effects of naming the prime aloud (facilitation for rhyming pairs and increased interference from formally similar, nonrhyming primes). This can be accomplished if one assumes that simply viewing the prime increases the short-term weights for the orthography-tophonology correspondences but only to a certain level, while naming the prime increases those weights to a higher level.
More specifically, in English, the correspondence between orthography and phonology for most words is regular, by definition. For regular primes, the weights in the PDP model already represent, to a large degree, the appropriate orthography-to-phonology correspondences. Thus, increasing these strengths to a certain level, by exposing the system to a regular rhyming prime, may not represent much of an increase. Regular primes may thus have little effect on naming rhyming targets. However, when the prime is named, the increase in short-term weights would be more substantial. Those increased weights may represent a strong enough bias toward the regular pronunciation that regular targets would show facilitation.
With respect to the interference effect, the orthography-to-phonology correspondences of irregular words are not very well represented. Thus, for irregular words, any weight change would be expected to produce interference when naming a regular, nonrhyming target even when the prime is simply viewed. If those weights get an additional increase because the prime is named, the interference effect would, of course, increase. It also follows that the irregular primes should produce reliable facilitation effects when the target is a rhyming irregular word (e.g., WASH-SQUASH) as Lupker and Colombo (1994) reported.
The bottom line is that the increased interference and the appearance of facilitation can both be explained if one assumes that the effect of naming aloud is simply to create larger shortterm weight changes (i.e., weight changes that are larger than those that occur from just viewing the prime). That is, the effect of naming the prime aloud versus reading it silently is merely a quantitative one. The result is to turn a small interference effect into a larger one and a virtually null facilitation effect into a significant one.
Weight changes of this sort are described by McClelland and Rumelhart (1985) in their distributed model of information processing and memory. They describe a model of mem-ory in which memory traces decay at a much slower rate than do patterns of activation. Individual inputs to the system " . . . exert large short-term effects on the weights, but after they decay the residual effect is considerably smaller" (McClelland & Rumelhart, 1985, p. 166) . If word primes have the same effect on the naming system as memory traces do on the memory system, then this type of short-term weight change mechanism could be used to model the effects observed in the present experiments. These assumptions about the existence and influence of shortterm weights obviously need additional empirical evaluation.
Conclusions
The present results show, for word naming, a pattern of facilitation and interference from body neighbors that cannot be easily explained by any of the existing models. Those findings suggest that priming effects arise not from reactivation of phonological and output units or codes, but from learning effects on weighted connections between orthography and phonology.
This conclusion further points to the importance of considering links and processes, rather than units and codes, in explaining and predicting word naming. It appears that models of word naming in which effects are based on the influence of various codes (orthographic, phonological, output) fail to capture what is happening in our tasks. We suggest instead that the types of priming effects we observed are best captured by a model that attributes these effects to the links between such representations. We also suggest that the present findings are best accounted for by a PDP-type model modified to include immediate, short-term, larger weight changes on connections between orthography and phonology (Burt & Humphreys, 1993) . However, we also see no compelling reason that a similar mechanism could not ultimately be incorporated into other models (e.g., Coltheart et al.'s (1993) 
